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Foreword

65:2020(E)

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International

organizations, governmental and non-governmental, in liaison with ISO, also take part

in the work.

ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of

electrotechnical standardization.

The procedure o develop thi imen e intended fo her m

1SC( ) ) d ) 1C0 ) d
descrjbed in the ISO/IEC Directives, Part 1. In particular, the different approval criteriamn

e [SO list of patent declarations received (see www.iso.org/patents).

Any t
const

Fade name used in this document is information given for the convenience of users
tute an endorsement.

rights. ISO shall not be held responsible for identifying any or all such patent righ
htent rights identified during the development of the document will be'in the Intrody

intenance are

beded for the
nce with the

he subject of
ts. Details of
ction and/or

and does not

For an explanation of the voluntary nature of standards;'the meaning of ISO specific terms and

expre
World

iso/fdreword.html.

This dlocument was prepared by Technical Cominittee ISO/TC 28, Petroleum and related p

and lybricants from natural or synthetic soutces, in collaboration with the European Cd
Standardization (CEN) Technical Committée CEN/TC 19, Gaseous and liquid fuels, lubricant

products of petroleum, synthetic and biejogical origin, in accordance with the Agreement
coopdration between ISO and CEN (Vienna Agreement).

This fifth edition cancels and replaces the fourth edition (ISO 5165:2017), which has bee

revised. It is aligned with ASTM-D613. The main changes to the previous edition are as foll

— requirements for primary reference fuels (PRFs), secondary reference fuels (SRFs) an
hpve been added;

ssions related to conformity assessment, as well as information about ISO's adhg
Trade Organization (WTO) principles in the Teghitical Barriers to Trade (TBT) see v

rence to the

yww.iso.org/

roducts, fuels
mmittee for
s and related
on technical

n technically
oWSs:

d check fuels

— new low cetah€ primary reference fuel, pentamethylheptane (PMH), as an alternative to

heptamethylnonane (HMN), have been added;

new reporting requirements.

Any feedback or questions on this document should be directed to the user’s national stanc

lards body. A

complete listing of these bodies can be found at www.iso.org/members.html.
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INTE

RNATIONAL STANDARD

ISO 5165:2020(E)

Petroleum products — Determination of the ignition
quality of diesel fuels — Cetane engine method

WARNING — The use of this document can involve hazardous materials, operations and
equipment. This document does not purport to address all of the safety problems associated
with its use. It is the responsibility of users of this document to take appropriate measures to
ensure the safety and health of personnel prior to the application of the document.

1

(CNs)
diese
igniti
comp
varia

This dlocument is applicable for the entire scale range from 0 EN_to 100 CN but typical tes

range
52,4 (
toav
the pi

This
preci
matet

Samp
thro

NOTE
inch-p
and th

2 N

The f
const|
undaf

ThisTocument establishes the rating of diesel fuel oil in terms of an arbitrary scale of cet
using a standard single cylinder, four-stroke cycle, variable compression ratio, indirect injected

ope

engine. The CN provides a measure of the ignition characteristics of diésel fuel oil in
bn engines. The CN is determined at constant speed in a pre-combustion c
ression ignition test engine. However, the relationship of test engine performance
ble speed and variable load engines is not completely understoad.

of 30 CN to 65 CN. An interlaboratory study executed by CEN in 2013 (10 samples
N to 73,8 CN)[3] confirmed that paraffinic diesel from$ynthesis or hydrotreatment, g
plume fraction of 7 % fatty acid methyl ester (FAME), can be tested by this test mef]
ecision is comparable to conventional fuels.

fest can be used for unconventional fuelsuch as synthetics or vegetable oils. |
ion for those fuels has not been established and the relationship to the perform
ials in full-scale engines is not completely understood.

es with fluid properties that interfere with the gravity flow of fuel to the fuel pum
gh the injector nozzle are not suitable for rating by this method.

This document specifies\operating conditions in SI units but engine measurements aj
ound units or Fahrenheitbecause these are the historical units used in the manufacture of t
us some references in this.document include these and other non-SI units in parenthesis.

ormative references

bllowing, documents are referred to in the text in such a way that some or all of
tutes requirements of this document. For dated references, only the edition cited
ed references, the latest edition of the referenced document (including any amendmg

[SO 3

70; Petroleum liquids — Manual sampling

hne numbers

compression
hamber-type
to full scale,

ting is in the
in the range
ontaining up
hod and that

However, the
ance of such

p or delivery

e specified in
he equipment,

their content
applies. For
ents) applies.

[SO 3171, Petroleum liquids — Automatic pipeline sampling

ISO 3696, Water for analytical laboratory use — Specification and test methods

IS0 4787, Laboratory glassware — Volumetric instruments — Methods for testing of capacity and for use

ASTM D613, Standard Test Method for Cetane Number of Diesel Fuel Oil

ASTM D3703, Test Method for Hydroperoxide Number of Aviation Turbine Fuels, Gasoline and Diesel Fuels

ASTM E832-81, Standard Specification for Laboratory Filter Papers
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3 Terms and definitions

For the purposes of this document, the following terms and definitions apply.

ISO and IEC maintain terminological databases for use in standardization at the following addresses:

31

ISO Online browsing platform: available at https://www.iso.org/obp

[EC Electropedia: available at http://www.electropedia.org/

cetane number

CN
measure of t
standardizeq

Note 1 to ent
when the stan
compression r

3.2

compressio
ratio of the
at bottom-dd

3.3

ignition del
period of tin
crank angle 1

34

injection tin
injection adv
time in the ¢
in degrees of

3.5
handwheel
arbitrary nu
indicates the

3.6

cetane mete
ignition dela
electronic in
pulses of mu

he ignition performance of a diesel fuel oil obtained by comparing it to referencefue
| engine test

y: Ignition performance is understood to mean the ignition delay (3.3) of the faGel-as deter

dard test engine is operated under controlled conditions of fuel flow rate, injection timing (3.}
itio (3.2).

N ratio

sina

mined
1) and

olume of the combustion chamber including the pre-combustion chamber with the piston

ad-centre (b.d.c.) to the comparable volume with the pistonat top-dead-centre (t.d.c

Ly
e between the start of fuel injection and the staft of combustion, expressed in degr
otation

ning

ance

mbustion cycle at which fuel injection into the combustion chamber is initiated, expr]
crank angle

reading
merical value, related to compression ratio (3.2), obtained from a micrometer scal
position of the variable compression plug in the pre-combustion chamber of the eng

r
y meter

strument which displays injection timing (3.4) and ignition delay (3.3) derived from
tiple transducers (pickups)

)

ees of

essed

b that
ne

input

Note 1 to entry: Three generations of apparatus have been approved for Use as cetane meters. These are (with
the year of introduction in parenthesis) the Mark II Ignition Delay Meter (1974), the Dual Digital Cetane Meter
(1990) and the XCP Cetane Panel (2014).

3.7

injector nozzle opening pressure
fuel pressure that overcomes the resistance of the spring which normally holds the injector nozzle

pintle closed

3.8

, and thus forces the pintle to lift and release an injection spray from the nozzle

reference pickup
transducers or optical sensors mounted over the flywheel of the engine, triggered by a flywheel pointer,
used to establish a t.d.c. reference and a time base for calibration of the cetane meter (3.6)

© IS0 2020 - All rights reserved
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injector pickup
transducer to detect motion of the injector pintle, thereby indicating the beginning of injection

3.10
comb

ustion pickup

pressure transducer exposed to cylinder pressure to indicate the start of combustion

3.11

primary reference fuel

PRF
hexad

ecane (n-cetane), heptamethylnonane (HMN]), pentamethylheptane (PMH) and w

propd
Note 1

C

wherd

laeilla ]

Note 2

rtioned binary mixture of n-cetane with either HMN or PMH
to entry: These PRFs now define the CN scale by the relationships given in Formulae'(1}and

V=Pr +0,15 PHMN

V=P, +0,163P

is the percentage n-cetane in the binary mixture;
by s the percentage of HMN in the binary mixture;

bvp 1S the percentage of PMH in the binary mixture.

to entry: Alphamethylnaphthalene (1-methylnaphthalene), in its pure form, was originally de

lumetrically
2).
(1)
(2)

fined as 0 and

n-cetdane (hexadecane) as 100 for the CN scale. With blends of the two chemicals being used for tle intervening

values
an ass

stabiljty. Pentamethylheptane, a second low cetane ingredient as an alternative to HMN with an as{

16,3, §

3.12
secor
SRF

volunpetrically proportioned.blend of two selected, numbered and paired hydrocarb

desig
“U fu
comp

3.13

check fuel

diese
provi

, alphamethylnapthalene was subsequently replaced in 1962 by HMN as the low reference
igned value of 15, as it was more readilyxavailable and experience had shown that it had

vas introduced in 2018 to utilize a material of higher purity and better availability.

)dary reference fuel

hated “T fuel” (high-CN) and “U fuel” (low CN) where each numbered paired set of]

hrison to primary reference fuel (3.11) blends

fuel il having a cetane number (3.1) value determined by an interlaboratory comp
Hes,a guide for an individual laboratory to check the cetane rating performance

material, with
better storage
igned value of

on mixtures
“T fuel” and

el” is rated by the  ASTM Diesel National Exchange Group (NEG) in various combinations by

hrison which
of a specific

engin

TITit

4 Principle

The CN of a diesel fuel oil is determined by comparing its combustion characteristics in a test engine
with those for blends of reference fuels of known CN under standard operating conditions. This
is accomplished using the bracketing handwheel procedure, which varies the compression ratio
(handwheel reading) for the sample and each of two bracketing reference fuels to obtain a specific
ignition delay permitting the interpolation of CN in terms of handwheel reading.
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5 Reagents and reference materials

5.1 Cylinder jacket coolant, water conforming to grade 3 of ISO 3696.

Water shall be used in the cylinder jacket for laboratory locations where the resultant boiling
temperature is 100 °C # 2 °C (212 °F * 3 °F). Water with commercial glycol-based antifreeze added in
a sufficient quantity to meet the boiling temperature requirement shall be used when the laboratory
altitude dictates. A commercial multi-functional water-treatment material should be used in the coolant
to minimize corrosion and mineral scale that can alter heat transfer and rating results.

Petroleum I stltute (API) service clasmﬁcatlon or compatlble prev1ous API service cla551f1cat1( n for
engines shal] be used. It shall contain a detergent additive and have a kinematic viscosity of/9,3 mm?/s
to 12,5 mm2fs at 100 °C (212 °F) and a viscosity index of not less than 85. Oils containing vistosity|index
improvers sHall not be used. Multi-graded lubricating oils shall not be used.

The suggestgd oil change interval is 50 engine-running hours.

5.3 Cetan¢ PRF, hexadecane meeting the specifications in Table 1 shall be\tised as the designated
100 CN component.

IMPORTANT — Store and use PRFs at temperatures of 20 °C or higher to avoid solidification of
hexadecane, which has a melting point of 18 °C.

5.4 Heptamethylnonane PRF, 2,2,4,4,6,8,8-heptamethylnonatie meeting the specifications in Table 1
shall be used|as the designated 15 CN component.

5.5 Pentamethylheptane PRF, 2,2,4,6,6-pentamethylheptane meeting the specifications in Table 1
shall be used|as the designated 16,3 CN component.

WARNING — PRFs are combustible and the vapours are harmful.

Table 1 — Specifications for primary reference fuels

Property Hexadecane Héeptamethylnonane Pentamethylheptane Test method
Purity g/Kg, 990 980 995 Gas
minimum Chromatography
Hydroperoyide
number, mg/kg as 5,0 5,0 5,0 ASTM D3703
0, maximym

5.6 SREFs, yoluimeétric blends of two diesel fuels meeting the specifications in Table 2 that have been
round-robin phgine calibrated by a recognized exchange testing group.

Storage and use of “T fuel” and “U fuel” should be at temperatures above 0 °C (32 °F) to avoid potential
solidification, particularly of “T fuel”. Before a container that has been stored at low temperature is
placed in service, it should be warmed to a temperature of at least 14 °C (57 °F) above its cloud point.
It should be held at this temperature for a period of at least 30 min and then the container should be
thoroughly remixed.

NOTE1 Cloud pointis normally determined in accordance with ISO 3015.

SRF blends are rated in numbered pairs and are not interchangeable with SRF blends from other
batches.

WARNING — SRFs are combustible and the vapours harmful.

4 © IS0 2020 - All rights reserved
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2 Blends of “T fuel” and “U fuel” that have been engine calibrated by the ASTM Diesel National Exchange
Group can be, and typically are, used for routine testing. The calibration data are incorporated in blend tables
that list the CNs assigned for various volume percentage blends of “T fuel” and “U fuel”.

5.7 Check fuels, diesel fuel oils typical of the middle distillate type having a CN value determined by
an interlaboratory comparison and meeting the specifications in Table 2.

WARNING — Check fuels are combustible and the vapours harmful.

Table 2 — Specifications for SRFs and check fuels

SREs: cheekfuwels———Fest method
Property -
T-Fuel U-Fuel Low High
CN, minimum 73 19 38 50 ISO 5145
CN, maximum 76 22 42 55 ISO 5145
Hydroperoxide number, 5,0 5,0 5,0 5D  |ASTM 3703
mg/kg as O maximum

6 Apparatus

6.1
As sh

Test engine assembly

pwn in Figure 1. It comprises a single cylinder engitie consisting of a standard cr4

fuel

engi
to stq

nkcase with

mp assembly, a cylinder with separate head asseinbly of the pre-combustion type (§ee Figure 2),
thernpal-siphon recirculating jacket coolant system, multiple fuel tank system with selector valving,
injecor assembly with specific injector nozzle, €lectrical controls and a suitable exhayst pipe. The

shall be belt connected to a special electric power-absorption motor, which acts as a
rt the engine and as a means to absorb-power at constant speed when combustion|

(engine firing).

6.2
An el

Instrumentation

ectronic instrument to-measure injection and ignition delay timing as well as

thermpometry, gauges and general-purpose meters.

NOTE
Engin
and sd

motor driver
is occurring

conventional

Engine equipmént and instrumentation are available from the single source manyfacturer, CFR

bs [nc.l), N8 W22577 Johnson Drive, Pewaukee W1 53186, USA. CFR Engines Inc. also has aul
rvice organizations in selected geographic areas.

kthorized sales

1) Thisinformation is given for the convenience of users of this document and does not constitute an endorsement
by ISO of the product named. Equivalent products may be used if they can be shown to lead to the same results.
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Key

N T T oD oaomm g 6O W

fuel tankg L  injector assembly

air heatei housing M fuel injection pump

air intake|silencer N fuel selector valve

fuel flow-fate burette 0 oilfilter

combustipn pickup P crankcase oil heater control
safety guard Q air heater switch

variable dompression plug\(VCP) handwheel R  engine start-stop panel
VCP lockihg handwheel S instrument panel

flywheel pickups T intake air temperature controller
oil filter dap U dual digital cetane meter
injection pump safety shutoff solenoid

Figure 1 — Cetane method test engine assembly
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Key

Ul s W N

6.3
Calibi
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2
1 / :
/ 4 6
2 3
/ ey
= i7g H
»
10 ]—
6"

CP locking wheel 6  precombustion-chamber
CP handwheel 7  cylinderhead
CP micrometer 8 injectornozzle assembly
CP 9  cylinder

mbustion pickup hole 10.~turbulence passage

Figure 2 — Test engine assembly — Engine cylinder head and handwheel ass¢

Reference fuels dispensing equipment

ated burettes or volumetric ‘ware having a capacity of 400 ml or 500 ml and

volumetric tolerance of +0,2 %.s€alibration shall be verified in accordance with ISO 47

shall
delive
of del

NOTE
proce

The
(mas4
provi

be outfitted with a delivery valve and delivery tip to accurately control dispensed
ry tip shall be of such.size and design that shut-off tip discharge does not exceed 0,5
very from the dispensing system shall not exceed 500 ml/min.

ASTM D613+\provides additional information on volumetric reference fuel blending 3
lures recomniended for application of this document.

se of blénding systems for the preparation of the volumetrically defined blends by
) measurements, based on the density at 15 °C (60 °F) of the individual componen{
Hed'the blending system meets the requirement of +0,2 % blending tolerance limits.

mbly

a maximum
87. Burettes
Folumes. The
ml. The rate

pparatus and

gravimetric
s, is allowed

6.4

Injector nozzle tester

The injector nozzle assembly shall be checked whenever the injector nozzle is removed and reassembled
to ensure that the initial pressure at which fuel is discharged from the nozzle is properly set.

IMPORTANT — Itis also important to inspect the type of spray pattern which occurs. Commercial
injector nozzle testers which include a lever-operated pressure cylinder, fuel reservoir and
pressure gauge are available from several sources as common diesel engine maintenance
equipment.

© IS0 2020 - All rights reserved
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6.5 Special maintenance tools

A number of speciality tools and measuring instruments are available for easy, convenient and effective

maintenance

NOTE

of the engine and testing equipment.

engine equipment and those organizations offering engineering and service support for this document.

7 Sampli

ng and sample preparation

Lists and descriptions of these tools and instruments are available from the manufacturers of the

Samples shall be collected in accordance with ISO 3170, ISO 3171 or an equivalent national standard.

To minimize|
brown glass

Samples sha
necessary, sd
81, at room

Inspect the
temperature

not to lose any lower boiling range components. The fuel sample should-bé homogeneous before e

testing or fil{

[l be brought to room temperature, typically 18 °C to 32 °C, before engine test

exposure to UV emissions, collect and store samples in opaque containers such\as
bottles, metal cans or minimally reactive plastic containers.

mples shall be filtered through a Type 1, Class A filter paper, conforming to ASTM
emperature and pressure before engine testing.

sample for wax precipitation; if precipitates are present, bring“the test samplg
of at least 14 °C above the expected cloud point of the material being tested, takin

ration.

8 Basic engine and instrument settings and standard operating conditions

8.1

Locate the c¢tane test engine in an area where it will not be affected by certain gases and fume

can have a

Installation ¢
and hook-up
user shall be
operation of
a series of e
component §
and still oth
adjustment d

8.2 Engin

The engine s

Instaljation of engine equipment and instrumentation

asurable effect on the CN test resulty

fthe engine and instrumentatiofi sequires placement of the engine on a suitable found
of all utilities. Engineering.and technical support for this function is required, an
responsible for conformitywith all applicable codes and installation requirements. P
the test engine requires assembly of a number of engine components and adjustm
ngine variables to prescribed specifications. Some of these settings are establish
pecifications, others-are established at the time of engine assembly or after ove
brs are engine-running conditions that shall be observed and/or determined by op¢
uring the testing process.

e speed

peed Shall be 900 r/min * 9 r/min when the engine is operating with combustion v

dark

ng. If
F£832-

to a
b care
ngine

s that

lation
d the
roper
ent of

ed by

rhaul
brator

vith a

maximum v

riation of 9 r/min occurring during a rating. Engine speed when combustion is occt

Irring

shall not be more than 3 r/min greater than for motoring without combustion.

8.3 Valve timing

The engine shall use a four-stroke cycle with two crankshaft revolutions for each complete combustion
cycle. The two critical valve events are those that occur near t.d.c.: intake valve opening and exhaust
valve closing.

Intake valve opening shall occur 10,0° + 2,5° after-top-dead-centre (a.t.d.c.) with closing at 34° after-
bottom-dead-centre (a.b.d.c.) on one revolution of the crankshaft and flywheel.

Exhaust valve opening shall occur 40° before-bottom-dead-centre (b.b.d.c.) on the second revolution of
the crankshaft or flywheel with closing at 15,0° + 2,5° a.t.d.c. on the next revolution of the crankshaft
or flywheel.

8 © IS0 2020 - All rights reserved
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8.4 Valve lift

Intake- and exhaust-cam lobe contours, while different in shape, shall have a contour rise of 6,223 mm
to 6,350 mm (0,245 in to 0,250 in) from the base circle to the top of the lobe so that the resulting valve
lift shall be 6,045 mm * 0,05 mm (0,238 in = 0,002 in).

8.5 Fuel pump timing

Closure of the pump plunger inlet port shall occur at a flywheel crank angle between 300° and 306° on
the engine compression stroke when the fuel flow-rate-micrometer is set to a typical operating position
and the variable timing device lever is at full advance (nearest to operator).

8.6 |Fuel pump inlet pressure

A migimum fuel head is established by assembly of the fuel tanks (storage resetvoirs) and flow-rate-
measfiring burette so that the discharge from them is 635 mm * 25 mm above)the centreline of the fuel
injection pump inlet.

8.7 |Direction of engine rotation

Clockwise rotation of the crankshaft shall occur when observed ffom the front of the engine.

8.8 [Injection timing

This ghall occur 13,0° b.t.d.c. for the sample and referenge fuels.

8.9 |Injector nozzle opening pressure

This ghall be 10,3 MPa + 0,34 MPa (1 500 psi£50 psi).

8.10(Injection flow rate

This ghall be (13,0 £ 0,2) ml/min (60 * 1) s/13,0 ml].

8.11 [Injector coolant passage temperature

This ghall be 38 °C £ 3°€{100 °F £ 5 °F).

8.12|Valve clearances

Engirle runningand hot clearance for both intake and exhaust valves shall be set to 0,20 mm * 0,025 mm
(0,008 inr £70,001 in) measured under standard operating conditions with the enging¢ running at
equil1brium conditions on a typical diesel fuel oil.

8.13 Oil pressure
This shall be 172 kPa to 207 kPa (25 psi to 30 psi).

NOTE The test engine assembly is normally equipped with a pressure gauge in psi.

8.14 0Oil temperature
This shall be 57 °C + 8 °C (135 °F £ 15 °F).

NOTE The test engine assembly is normally equipped with a temperature gauge in degrees Fahrenheit.
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8.15 Cylinder jacket coolant temperature

This shall be 100 °C + 2 °C (212 °F * 3 °F).

8.16 Intake air temperature

This shall be 66 °C £ 0,5 °C (150 °F £ 1 °F).

8.17 Basic ignition delay

This shall be 13,0° for the sample and the reference fuels.

8.18 Cylinder jacket coolant level

Treated coolfint added to the cooling condenser/cylinder jacket to a level just observablé-in the bpttom
of the condepser sight-glass, with the engine cold prior to being operated, will typically provide the
controlling epgine, running and hot operating level.

8.19 Enginp-crankcase lubricating oil level

The controlling engine-running and hot operating level of the oil in the crankcase shall be approximately
mid-position|in the crankcase sight-glass.

NOTE Oilladded to the crankcase so that the level is near the top ofithe'sight-glass, with the engine cold prior
to being operdted, typically provide this condition.

8.20 CranKcase internal pressure

As measured by a gauge or manometer connected to-an opening to the inside of the crankcase thifough
a snubber orjfice to minimize pulsations, the pressure shall be less than zero (a vacuum) and typically
from 25 mm{|to 150 mm (1 in to 6 in) of water lessthan atmospheric pressure. Vacuum shall not ekceed
254 mm (10 |n) of water.

8.21 Exhaust back-pressure

As measured by a gauge or manometer connected to an opening in the exhaust surge tank or|main
exhaust stack through a snubbenorifice to minimize pulsations, the static pressure should be gs low
as possible, Bbut shall not create'a vacuum nor exceed 254 mm (10 in) of water differential in exdess of
atmospheric|pressure.

8.22 Exhayst and crankcase breather system resonance

The exhaust|and'crankcase breather piping systems shall have internal volumes and be of such length
that gas resonance does not result.

8.23 Piston over-travel

Assembly of the cylinder to the crankcase shall result in the piston protruding above the top of
the cylinder surface 0,381 mm # 0,025 mm (0,015 in * 0,001 in) when the piston is at t.d.c. Proper
positioning is accomplished through the use of plastic or paper gaskets, available in several thicknesses,
and selected by trial and error for assembly between the cylinder and crankcase deck.

8.24 Belt tension

The belts connecting the flywheel to the absorption motor shall be tightened after the initial break-in
so that, with the engine stopped, a 2,25 kg (5 1b) weight suspended from one belt halfway between the
flywheel and motor pulley depresses the belt by approximately 12,5 mm (0,5 in.).
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8.25 Injector opening or release pressure

The pressure-adjusting screw is adjustable and shall be set to release fuel at a pressure of
10,3 MPa + 0,34 MPa (1 500 psi + 50 psi). This setting shall be checked each time the nozzle is
reassembled and after cleaning.

The use of a commercial injector nozzle bench tester is recommended. ASTM D613 provides instructions
on apparatus assembly and setting which should apply.

CAUTION — Personnel shall avoid contact with the spray pattern from injector nozzles because
of the high pressure which can penetrate the skin. Spray pattern performance checks shall be
made in a hood or where adequate ventilation ensures that inhalation of the vapours is avoided.

8.26 |Injector spray pattern

The ipjector nozzle spray pattern shall be checked for symmetry and characteristics by |nspection of
the impression of a single injection made on a piece of filter paper or other slightly absorlyent material
placedl at a distance of approximately 76 mm (3 in) from the nozzle.

8.27 [Indexing handwheel reading

8.27.1 General

Handjvheel readings are a simple and convenient indication of engine compression ratjo which is a
critical variable in the cetane method of test.
NOTE The actual compression ratio is not importantbtit an indication of compression ratio which relates to
CN is & useful guide for selecting reference fuels to bracket the sample of diesel fuel oil. Indexing the handwheel
when the engine is new, or any time the matched handwheel assembly/cylinder head combination i interchanged

or mefhanically reassembled, involves setting thé variable compression plug, setting the micromgter drum and
scale dnd setting the handwheel reading.

8.27.2 Basic setting of variable compression plug

Position the variable compressjon-plug so that the flat surface is just visible and exactly infline with the
edge pf the threads of the combustion pickup hole, as verified with a straightedge.

8.27.8 Setting handwhéeél micrometer drum and scale

With fhe variable compression plug at the basic setting, set the handwheel drum and scale so that the
handyheel reads>1;000 regardless of the bore diameter of the cylinder in use.

8.27.4 Setting handwheel reading

Tightenthe small locking handwheel snugly by hand to ensure that the variable compression plug is held
in place in the bore. Loosen the lock nut of the large handwheel and remove the locking L-shaped key.

Turn the large handwheel so that the edge of the drum is in alignment with the 1,000 or other selected
graduation on the horizontal scale.

Reinstall the L-shaped key in the nearest keyway slot of the large handwheel with the shorter leg in the
handwheel. Any slight shifting of the handwheel to achieve slot line-up will not affect the indexing.

Tighten the lock nut hand-tight to hold the key in place.

Remove the locating screw from the drum and rotate the drum so that the zero graduation mark is in
line with the selected reading.

Locate the screw hole in the drum which lines up with the handwheel hub hole and reinstall the locating
screw.
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Wrench-tighten the large handwheel lock nut and recheck that the variable compression plug is properly
positioned and the handwheel reading is in accordance with the selected value.

8.28 Basic compression pressure

At a handwheel reading of 1,000, the compression pressure for an engine operated at a standard
barometric pressure of 101,3 kPa shall be 3 275 kPa + 138 kPa (475 psi + 20 psi) when read as quickly as
possible after shutdown of the engine which has been at standard operating conditions. If the condition
is not within limits, recheck the basic handwheel setting and, if necessary, perform mechanical
maintenance.

For engines ¢
be in propor
As an examj

Pcl dLUL‘l dil UL}IUI Lhdll bl.dllddl l.l bdl UIIICLI iL Ppressurc, Llle CUIIPI CbbiUll pressurc ib LYH
ion to the ratio of the local barometric pressure divided by standard barometricpre
le, an engine located where the barometric pressure is 94,6 kPa would be éxpéct

ically
Ssure.
ed to

have a compfression pressure of approximately 3 060 kPa * 138 kPa (444 psi + 20 psi):according to
Formula (3).

Pe, =3 25 % P1/Pyq (3)
where

P, isthe compression pressure at the local barometer, in kilopascals;

P, isthe barometric pressure at the engine location, in kilopascals;

P4 is the standard barometric pressure, in kilopascals:
NOTE The ratio P; /P4 is independent of measuring unitsyprovided both elements are in the same unjts.
The apparatius assembly and setting instructions (for checking compression pressure provided in

ASTM D613 §

Compression
period of tin{

small amountt of oil in the gauge or combustion chamber.

8.29 Fuel p

With the eng
so that the le

As a result d
the level in 4
on the pump

hall apply for this document.

e as possible, to avoid the possibility of combustion occurrence due to the presence

ump lubricating dil)level

ine stopped, sufficient engine-crankcase lubricating oil shall be added to the pump
vel is at the mark on the dip stick.

f engine{operation, especially when the pump barrel/plunger assembly begins to
he sump*will increase due to fuel dilution as observed through a clear plastic side
housing. When the level rises appreciably, the sump should be drained and a fresh c

of oil added.

pressure testing using a compression pressure gauge shall be completed in as slort a

bf any

sump

wear,
Lplate
harge

The recommended oil change interval is 50 engine-running hours.

8.30 Fuel pump timing gear-box oil level

With the engine stopped, unplug the openings on the top and at the mid-height of either side of the gear
box. Add sufficient engine-crankcase lubricating oil through the top hole to cause the level to rise to the

height of the

NOTE

side opening. Replace both openings.

two is independent.

12

The pump and timing gear box oil sumps are not connected to each other and the lubrication for the

© IS0 2020 - All rights reserved


https://standardsiso.com/api/?name=be9758845bbfdfbaa9e3a87b201e1113

ISO 5165:2020(E)

8.31 Setting instrumentation reference pickups

Positioning of the reference pickups is important to ensure that timing of the injection and ignition delay
functions is uniform and correct. The two reference pickups, which are identical and interchangeable,
are installed in a bracket positioned over the flywheel so that they clear the flywheel indicator which
triggers them. Position each pickup in the bracket so that it is properly referenced to the flywheel
indicator in accordance with the instructions supplied with the specific pickup. Measurement of pickup
to flywheel indicator clearance, if required, shall be made using a non-magnetic feeler gauge.

8.32 Setting injector pickup gap
Set theair gap to typically I mm (0, mJ wi € engine stopped.

Indiv]dual pickups can require more or less air gap to obtain steady meter operation Wwhén|the engine is
ultimptely running. However, too little gap can cause the ignition delay angle display.to dr{ve off scale.

9 BEngine qualification

9.1 [Engine conformity

The g¢ngine shall be commissioned in a manner that all settings and operating condjtions are at
equillbrium and in conformity with basic engine and instrfument settings and standapd operating
condifions.

NOTE Engine warm-up requires typically 1 h to ensure-that all critical variables are stable.

9.2 |Checking performance on check fuels

This engine test does not have any satisfactory standardization fuel blend or blends tp qualify the
engine. Test one or more of the check fuels\as a guide to engine performance.

Engire performance may be judged to.be satisfactory if the CN rating obtained on a check fuel is within
the tdlerance range, T, shown in Foxmula (4).

T:: CNCF + 1,5 X SCF (4)

wher¢

Chcr 1s the atérage CN of the check fuel calibration data;
1|5 is aselected tolerance limit factor, K, for normal distributions;

s¢p~ NS the standard deviation of the check fuel calibration data.

NOTE This statistical tolerance limit factor, K, based on a sample size, n, permits an estimation of the
percentage of engines that would be able to rate the check fuel within the calculated tolerance limits. Based on a
calibration data set of 17 to 20 ratings, and a value of K = 1,5, it is estimated that, in the long run, in 19 cases out of
20, atleast 70 % of the engines would rate the check fuel within the calculated tolerance limits.

9.3 Checkin the case of nonconformity

If the results are outside this tolerance range, check all operating conditions, followed by mechanical
maintenance which can require critical parts replacement.

The injector nozzle can be a very critical factor and this should be the first item checked or replaced.
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10 Procedure

10.1 General

Check that all engine operating conditions are in conformity and equilibrated with the engine running
on a typical diesel fuel oil.

NOTE

of each of the individual operating variables for application of this document.

ASTM D613 provides additional useful details of engine operating techniques and for the adjustment

Always position the mode selector switch on the Mark II ignition delay meter to “calibrate” before

Payay +qu+ wiolant xantar nandla Fll coaln magging donc a4

meter nnnrlln £111
et e

pDCCUr.

proceeding
Calibration a

10.2 Samp

Pour the sample into an empty fuel tank, rinse the fuel burette, purge any air from(the fuel line

pump and pd

10.3 Fuel f]

AT 1
ARt TITITS

djustment should be checked before each rating but never changed during a rating.

A v Ul\.rll\— T e—t—-S€ate tJv&&LAA& TTOTSTITOT

e introduction

sition the fuel-selector-valve to operate the engine on this fuel.

ow rate

to the

Check the fuel flow rate and adjust the flow-rate-micrometer of the fuel pump to obtain 13 mjl/min

consumptiot].

flow-rate-mi

10.4 Fueli

After establi
to obtain a
reference.

10.5 Ignitig

Adjust the hg
Make the fin
to eliminate

10.6 Equilibration

Achieve stab

{e

NOTE St

The time usq

The final flow-rate measurement shall be made over 4 full 60 s + 1 s period. No
crometer reading for reference.

njection timing

ching the fuel flow-rate, adjust the injection<timing-micrometer of the fuel pump ass
[3,0° +

bn delay

ndwheel to change the compression ratio and obtain a 13,0° + 0,2° ignition delay re

backlash in the handwheel mechanism and a potential error.

e injectiomtiming and ignition delay readings.
ble readings typically occur within 5 min to 10 min.

dfer the sample and each of the reference fuels should be consistent and shall not b

re the

bmbly

0,2° injection timing reading. Note the injection-timing-micrometer reading for

hding.

hl handwheel adjustmerit;in the clockwise direction (viewed from the front of the engine)

e less

than 3 min.

10.7 Handwheel reading

Observe and record the handwheel reading as the representative indication of the combustion
characteristic for this fuel sample.

10.8 Reference fuel no. 1

Select a reference fuel blend close to the CN of the sample.

If PRFs are being used for the rating, select a blend of hexadecane with either HMN or PMH having a CN
close to the estimated CN of the sample.

14
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If SRFs are being used for the rating and the CN of the sample is expected to be less than the CN of
T fuel, select a SRF (“T fuel” and “U fuel”) blend close to the CN of the sample.

If SRFs are being used for the rating and the CN of the sample is expected to be greater than CN of
T fuel, select a blend of T fuel and hexadecane from Table 3 and calculate the CN of the selected blend in
accordance with Formula (4).

Prepare a fresh batch of the selected reference fuel blend of at least 400 ml. Introduce reference fuel
no. 1 to one of the unused fuel tanks, taking care to flush the fuel lines in the same manner as noted for
the sample.

Perform the same adjustment and measurement steps used for the sample and record the resulting

handjy

NOTE
depen|
table

wheel reading.

The handwheel reading versus CN relationship based on this procedure is engine-
dent but it can be established for each engine as testing experience is gained afterceach over
fhandwheel readings provides a simple guide to selection of the reference fuel,

Table 3 — Reference fuel blends for samples with CN greater than T fuel

hnd overhaul-
haul. A plot or

T fuel Hexadecane
Blend
volume fraction (%) volume fraction (%)

1 100 0

2 75 25

3 50 50

4 25 75

5 0 100
10.9 [Reference fuel no. 2
Select another reference fuel blend whichcan be expected to result in a handwheel reading that causes
the two reference-fuel handwheel readings to bracket that for the sample.
If PREs are being used for the rating, select another blend of hexadecane with either HMN|or PMH. The
differfence in hexadecane confent between the two PRF blends shall not exceed a volume fraction of 6 %
(60 nl/1). PRFs blends diffening by a volume fraction of 6 % (60 ml/1) of hexadecane havd defined CNs
that differ by 5,1 for blends with HMN and 5,0 for blends with PMH.

If SRI

s are being used for the rating and the CN of the sample is expected to be less th

an the CN of

T fuel, select another SRF (“T fuel” and “U fuel”) blend.

The djifferencebetween the two reference-fuel blends shall not exceed 5,6 CN. Typically, blends differing
by a yolume™fraction of 5 % (50 ml/1) “T fuel” will span approximately 2,7 CN and those differing by a
volunlle fraction of 10 % (100 ml/1) “T fuel” will span approximately 5,3 CN.

If SRFs are being used for the rating and the CN of the sample is expected to be greater than the CN of T
fuel, select a blend of T fuel and hexadecane from Table 3 that is adjacent to the T fuel/hexadecane blend
tested above.

Prepare a fresh batch of the selected reference fuel blend of at least 400 ml. Introduce reference fuel
no. 2 to the third fuel tank, taking care to flush the fuel lines in the same manner as noted for the
sample. Perform the same adjustment and measurement steps used for the sample and reference fuel
no. 1 and record the resulting handwheel reading.

Typically, the fuel-flow-rate should be the same for both reference fuels because they are sufficiently
similar in composition.
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10.10 Number of blends of reference fuels

If the handwheel reading for the sample is bracketed by those of the reference fuel blends, calculate
the CN, in accordance with Formula (5), from the handwheel readings of the sample and each of the
bracketing reference fuels and continue the test. Otherwise try an additional reference fuel blend(s)
until this requirement is satisfied.

10.11 Repeat readings

After operation on a satisfactory second reference fuel blend, perform the necessary steps to rerun
reference fuel no. 1, then the sample, and finally reference fuel no. 2. For each fuel, be certain to check

all paramet
readings. Th

TS carefully and allow operation to reach equilibrium before recording the nand
e fuel switching shall be as shown in Table 4, sequence A.

Table 4 — Fuel switching order for repeat reading

wheel

Handwheel readings
Sample and reference fuel sequence A
Reference fugl no. 1 2 4
Sample 1 5
Reference fugl no. 2 3 6
Sample and reference fuel sequenceB
Reference fugl no. 1 3 5
Sample 2 6
Reference fugl no. 2 1 4

Calculate thg

b CN, in accordance with Formula (5), from the second set of handwheel readings

from

the sample and each of the bracketing reference fuels. The CN calculated from the average of thie two

handwheel r
reference fud
second serie

NOTE A ¢
can have on r4

If the CNs ca
readings ma

padings for the sample fuel and the average of the two handwheel readings for each
Is constitutes a rating providingthe difference between the CNs calculated in the fir
5 of readings is no greater than-CN = 1,4.

eterminability limit of CN £ 1)4 is in place to limit the instability of the engine and the effe
tings.

lculated in the firs€and second series of readings do not meet this criterion, a third
y be obtained using the same sequence of sample, reference fuel no. 1 and referend

of the
bt and

ct this

set of
e fuel

no. 2 that wals employed forthe initial sequence.

Calculate the
sample and ¢

e CN, in accordance with Formula (5), from the third set of handwheel readings for the
ach ofthe’bracketing reference fuels.

The CN calc
providing th
CN =1,4.

hlated from the average of the second and third series of readings constitutes a

hit tha difforanca hatuwoaon tha CNe calenlatad fromn tha i dividiial cnrinc 1 mo graqtn
BtthRe-aHtrerenece-setweehtie—+ cHrateaHoettne e atar- seres15He-greate

rating
F than

If the second and third series of readings do not meet this criterion, the cause should be investigated.

If a sample is tested immediately following one for which the reference fuel no. 2 is be applicable, that
reference fuel handwheel reading can be utilized for the new sample. The fuel switching shall thus be as
shown in Table 4, sequence B.

11 Calculation

11.1 Using the values from two consecutive series of readings that are no greater than CN = 1,4 apart,
calculate the average handwheel readings for the sample and each of the reference fuel blends.
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